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Abstract
Concrete is the most generally used shield material as it is inexpensive and adjustable for any construction design. Radiation
shielding properties of concrete may vary depending on the concrete composites. Different types of special concrete have been 
developed by the addition of shielding material such as iron and boron carbide in aggregate formulation could enhance the 
capability and quality of radiation resistance property. In this paper, Ferro - boron and boron carbide added to concrete shield in 
form of particle alloy were described as a shielding material and the properties of these shields were investigated by FLUKA 
Monte Carlo simulation code. According to the simulations results, it is clear that concrete by adding different proportions of 
boron carbide and Ferro - boron can enhance neutron shielding property and Ferro - boron added to concrete is the effective of 
neutron shielding from boron carbide added to concrete. 
© 2015 The Authors. Published by Elsevier Ltd.
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1. Introduction
Fast neutrons are very penetrative, and not easy to attenuate. Neutron shielding requires slowing down energetic 
neutrons and absorbing slow ones with a shield material. Energetic neutrons are slowed down when they undergo 
scattering. Neutron scattering could be elastic or inelastic (Nyarku et al., 2013). Different materials as hydrogen,
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iron, graphite, water, polyethylene and concrete have suitable scattering cross - sections and hence can be used for 
moderating fast neutrons (Abdullah et al., 2011).
Concrete is one of the most appropriate and common stuff in composing of neutron shield. There are also various 
options in using material in producing it that result in composition of concrete material with different densities and 
compounds for benefiting from proper structural properties (Thomas et al., 2003). 
Boron carbide (B4C) is a ceramic material commonly used for neutron absorption in nuclear applications. 10B is 
one of two naturally occurring isotopes of boron (the other is 11B).  It has a high capture cross - section for thermal 
neutrons (3837 barns) making boron to be an attractive material for nuclear physics and technology. The use of 
boron carbide in the formulation of concretes is the advantages of neutron shielding for instruments and tools 
(Kharita et al., 2011; Martin, 2006).
Ferro - boron (Fe - B) is a binary alloy of iron with boron content between 10 % and 20 % and is the lowest cost 
boron additive for steel and other ferrous metals (Sahin et al., 2010).  An alloy of iron is good for shielding of fast 
neutrons due to the high Z and low capture cross - section. To slow down neutrons below 1 MeV, the iron has to be 
complemented with a moderating material. For absorbing the slow neutrons, a material with high absorption cross -
section is needed (Keshavamurthy et al., 2011).
For shield design purposes, radiation interactions with matter are simulated easily using different Monte Carlo 
packages called FLUKA, GEANT4, MCNP, MARS, and PHITS etc. FLUKA is a fully integrated particle physics 
Monte Carlo simulation package. It is a code based on the FORTRAN programming language. Areas of applications 
of FLUKA code are as follows; high energy experimental physics and engineering, shielding, detector and telescope 
design, cosmic ray studies, dosimetry, medical physics and radio - biology (Ferrari et al., 2011). 
In this paper, we have calculated the minimum side wall shielding thickness of concretes containing B4C and Fe -
B against the secondary neutrons produced in the interaction of 1000 MeV protons by using the FLUKA Monte 
Carlo code. 
2. Materials and Methods
The shield design required to attenuation in shield materials of secondary neutrons generated by abnormal 
operation was done. The simulations were performed with the version 2011.2b of the FLUKA Monte Carlo code. 
Abnormal operation situation was modeled as a point beam loss. Beam losses for abnormal operation were assumed 
as 10 W. This value corresponds to a proton beam loss of 0.624 × 1011 protons per meter at 1000 MeV. 
Input files have been prepared to run simulations. There are many options in input files as beam properties, 
irradiation geometry, material definition, physical settings, score options and primary radiation weight. Each option 
is represented by an input card and the sequential order of these cards is important. This sequence should be in form 
beam properties, irradiation geometry, material definition, physical settings, and score options.
For simulation geometry, a 10 meter long tunnel section with dimensions of 5 × 5 m2 was modeled for the 
shielding. In the tunnel, the beam axis was placed asymmetrically (1 m from floor) side walls 2.5 m from away the 
beam axis. Spherical B4C and Fe - B added to concretes were used to shield materials. The thickness of side walls 
and roof were taken as maximum for estimating values of shield thickness. The elemental compositions and densities 
of the materials used for shield design are shown in Table 1. 
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Table 1. The compositions and density of the materials (Ferrari et al., 2011).
Material Element Fraction (%) Density (g/cm³)
Air inside the tunnel
C
O
N
Ar
0.0001248
0.231781
0.755267
0.012827
0.00120484
Standard concrete
C
O
Si
Ca
H
Mg
23.0
40.0
12.0
12.0
10.0
2.0
2.34
B4C B
C
0.78261
0.21739
2.52
Fe - B Fe
B
83.8
16.2
7.15
Copper whose dimensions were 5 × 5 × 5 cm3 was chosen as a target material. The target was parallelepiped, with 
the axis coincident with incoming beam direction. 
Simulations have been started for 6E + 8 primary particles and the code was run for 5 cycles. Simulation results 
have been read from FLUKA output files. USRBIN detector has been used to obtain dose distributions for each of 
material thicknesses. Dose distributions were determined with using USRBIN detector which sizes 3400, 3000 and 
1900 cm for x, y and z axis. Dose distributions by 1000 MeV protons for each material have been obtained as 
contour by using FLAIR which is a data analysis interface compatible with FLUKA. 
3. Result and Discussion
Neutron shielding properties of concretes containing some boron rich materials were investigated using Monte 
Carlo method. FLUKA code was used to calculate the minimum shielding thickness of concrete containing the 
additional materials. The calculated shielding thickness should reduce the dose rate on the accessible outside 
surfaces of the shield to less than 0.1 PSv / h for general public area. B4C and Fe - B were selected as boron rich 
materials. 
The concentration of B4C and Fe - B in concrete is changed from 0 % to 20 %. The density of concrete is smaller 
than B4C and Fe - B as seeing in Table 1 and increasing densities depending on the additional materials. The 
densities versus additional materials content in concrete were given in Fig. 1. From the Fig. 1, it is seen that the 
densities of the concrete + B4C content are fairly small changed. However, the densities of the concrete + Fe - B
content are very high changed.
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Fig. 1. The Densities of Concrete Samples with Different B4C and Fe - B Content. 
Calculated shielding thicknesses versus additional materials content in concrete were given in Fig. 2. It is known 
that the high density materials added to concrete is increased the effect on neutron shielding capability and decreased 
the shielding thicknesses depending on the additional material. From the Fig. 2, it is seen that the shielding 
thicknesses of the concrete + Fe - B content are very lower decreased than the concrete + B4C content.
Fig. 2. The Shielding Thicknesses as a Function of the Additional Material Content in Concrete. 
Nowadays, there are many shielding applications of concretes containing B4C (Abdullah et al., 2011; Kharita et 
al., 2011) but in literature, similar studies related to Fe - B (Keshavamurthy et al., 2011; Raju et al., 2011) and Fe - B
added to concrete is very limited.
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4. Conclusion
In this study, the shielding thicknesses of the concrete containing B4C and Fe - B at different ratios were 
determined with FLUKA Monte Carlo code. High density concretes are more suitable if the neutron sources possess 
high energy. This study shows that the high density Fe - B added to concrete is better neutron shielding material than 
B4C added to concretes.
It is known that boron is good thermal neutron absorber material and iron is important shielding materials to slow 
down fast neutrons below 1 MeV.  Therefore, we should be recommended that Fe - B added to concrete as a 
promising shield material for the fast neutron application.
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